Mitochondrial, Y-chromosomal and Autosomal Variation in Mbenzele Pygmies from the Central African Republic by Paolo Anagnostou et al.
Coll. Antropol. 34 (2010) 2: 535–543
Original scientific paper
Mitochondrial, Y-chromosomal and Autosomal
Variation in Mbenzele Pygmies from the Central
African Republic
Paolo Anagnostou1,2, Valentina Coia1, Gabriella Spedini1 and Giovanni Destro-Bisol1,3
1 Department of Animal and Human Biology, University »La Sapienza«, Rome, Italy
2 Department of Evolutionary and Experimental Biology, University of Bologna, Bologna, Italy
3 Italian Institute of Anthropology
A B S T R A C T
In this paper, we carry out a combined analysis of autosomal (ten microsatellites and an Alu insertion), mitochondrial
(HVR-1 sequence, 360 nucleotides) and Y-chromosomal (seven microsatellites) variation in the Mbenzele Pygmies from
the Central African Republic. This study focuses on two important questions concerning the admixture and origin of Af-
rican Pygmies. Ethnographic observations suggest a sex-biased gene flow between the Bantus and Pygmies, an issue
which could be clarified through genetic analyses may shed light. A study of intrapopulational variation of mtDNA and
Y-chromosome produces results in accordance with the hypothesized matrimonial behaviour. In fact, while shared mito-
chondrial haplotypes belonging to the L1c5 (or L1c1a1 clade) sub-haplogroup provides evidence of a Pygmy-to-Bantu fe-
male biased gene flow, a male biased gene flow from Bantu to Pygmies is supported by the distribution of the Y-chromo-
somes bearing M2 mutation. The second part of our study regards the question of the genetic relationships between
Western and Eastern Pygmies. Our results favour the pre-Bantu hypothesis which suggests that the two Pygmy groups
separated in ancient times (at least 18,000 years ago), whereas they do not support the recent divergence and differential
admixture hypothesis which posits their separation as a consequence of the Bantu expansion (2,000–3,000 years ago).
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Introduction
There are two main reasons why African Pygmies
have always attracted the interest of anthropologists.
Firstly, they may be regarded as one of the few remaining
hunter-gatherer groups that have yet to have complete
acculturation1. Secondly, they are characterized by a very
small stature and other physical features, which proba-
bly reflect their adaptation to a tropical forest environ-
ment or retention of archaic traits2.
African Pygmies have received particular attention
from physical Anthropologists since the beginning of the
nineteenth century3. Starting in the 60s, they have been
the subject of several surveys of classical genetic poly-
morphisms. These studies revealed the genetic diver-
gence of Pygmies from other African populations, and
also suggested that Pygmies, together with San, are the
most direct descendants of »proto-Africans«4.
More light has been cast on the genetic structure of
this important population since the introduction of new
techniques, which analyse genetic variability at DNA
level. Chen et al. (1995)5 analysed restriction-site varia-
tion of mtDNA in several African populations. These au-
thors observed that the mitochondrial DNA (mtDNA) se-
quences from the Biaka, Western Pygmies from the Central
African Republic and the Eastern Mbuti Pygmies from
Zaire, together with those from other sub-Saharans, be-
long to the most ancient of all human continent-specific
haplogroups (haplogroup L). Watson et al. (1996, 1997)6,7
divided all African mtDNA lineages into 5 major clusters
using a phylogenetic approach. Four clusters showed a
starlike phylogeny indicative of a demographic expansion
(L1a, L1b, L2 and L3) and coalesced between 19,000 and
77,000 years ago. The fifth (L1i) was structured in iso-
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lated lineages coalescing 111,000 years ago – the likely
outcome of remote expansion events across Africa. Most
of the Biaka sequences (13 out of 17) were assigned to the
L1i cluster, whereas almost all Mbuti lineages (12 out of
13) were equally divided between the L1a and L2 clus-
ters. Using both the HVR-1 and 2, Batini et al. (2007)8
provided a new L1c phylogeny encompassing some Pyg-
my-specific clades (L1c1a, L1c4 and L1c5 respectively
L1c1a2, L1c4 and L1c1a1a1 based on Behar et al. 20089).
Combining molecular data together with archaeological
and paleoclimatological evidence, they hypothesized that
the ancestors of Bantu and Western Pygmies separated
between 60 and 30 kya. A subsequent study by Quin-
tana-Murci et al. (2008)10 used a whole genome sequenc-
ing approach and refined the L1c phylogenetic structure,
proposing that the ancestors of contemporary Pygmies
started to diverge initially from an ancestral Central Af-
rican population no more than 70 kya.
Calafell et al. (1998)11 analysed variation at 45 micro-
satellite loci in numerous populations worldwide. Mbuti
and Biaka Pygmies showed the highest heterozygosity,
mean number of alleles and mean number of private al-
leles, which is a finding consistent with the idea that
»Out of Africa« spread a subset of the variation gener-
ated in that continent into Asia and Europe. More re-
cently, Watkins et al. (2003)12 analysed 100 Alu insertions
in a dataset containing numerous African populations
and the two Pygmy groups were found to cluster sepa-
rately, with an evident separation also at individual level.
Further evidence of genetic differentiation among the
two Pygmy groups has been reported by Tishkoff et al.
(2009)13 using a broad panel of microsatellites and indels,
but apparently undetected by an extensive genome-wide
study of single nucleotide polymorphisms (Li et al., 2008)14.
Aims
In this paper, we reanalyse published data from
mtDNA (HVR-1 sequences)8,15, Y-chromosomal (seven
microsatellites)16 and autosomal (ten microsatellites and
an Alu insertion)17,18 variation in the Mbenzele, a West-
ern pygmy group from the Central African Republic, to
cast new light on two important questions concerning Af-
rican Pygmies. Previously published studies of genetic
variation in the Mbenzele Pygmies regarded ten auto-
somal microsatellites17, variation at protein coding loci19,
Y-chromosome microsatellite and SNPs20, and mitochon-
drial variation8,15. Furthermore, the Mbenzele Pygmies
have been studied in world-wide studies of genetic varia-
tion of entire mtDNA21and X-chromosome sequencing22.
Ethnographic observations point towards the exis-
tence of an asymmetric gene flow between Bantus and
Pygmies but, unfortunately, no direct genetic evidence is
available to test this. According to Cavalli-Sforza (1986)4,
there are five sources of gene flow between Bantu farm-
ers and Pygmies: (i) admixture that occurred at the be-
ginning of the contact between farmers and Pygmies,
probably facilitated by social and economic inequalities
between the two groups; (ii) marriages between a Pygmy
female and Bantu male favoured by the low bride price
that the husband pay; (iii) children born from extramari-
tal relationships between Pygmy females and Bantu ma-
les; (iv) adoption of children; (v) return to the Pygmy so-
ciety of Pygmy women and of their children after the
divorce from Bantu males. We test the congruence be-
tween the above observations and genetic variation of
Western Pygmies by using polymorphisms of autosomal
loci, mtDNA and of the non-recombining portion of the
Y-chromosome.
The issue of evolutionary relationships between East-
ern and Western Pygmies is an important test case to es-
tablish whether the sharing of complex traits with a
probable adaptive meaning is necessarily related to a
common evolution or it might result from a separate evo-
lutionary history. The first option is sustained in the »Re-
cent Divergence« hypothesis according to which Western
Pygmies are the result of hybridization between the an-
cestors of present-day Eastern Pygmies and farmers who
penetrated the equatorial belt in the course of the Bantu
expansion, around 2–3 kiloyears ago (kya). The occupa-
tion of the rainforests and deforestation by Bantu farm-
ers progressively reduced the Pygmies’ habitat, eventu-
ally leading to a biological separation of Pygmy groups
settled in the eastern and western sides of the tropical
rainforest. The Eastern Pygmies remained relatively iso-
lated from neighbouring populations, whereas Western
Pygmies admixed with Bantus to a considerable extent23.
The combined effect of differential admixture and ge-
netic drift could account for the genetic differences ob-
served between the two Pygmy groups. We have named
this view »recent divergence and differential admixture«
(RDDA). The alternative explanation is that the separa-
tion between Eastern and Western Pygmies is independ-
ent from the Bantu expansion, and occurred before 2–3
kya. Hiernaux (1977)24 suggested that the adaptation of
Pygmy groups to the humid forest climate occurred thro-
ugh distinct evolutionary processes. This hypothesis se-
ems to imply that the separation between Pygmies pre-
dates the Bantu expansion considerably. Unfortunately,
it cannot be compared with the RDDA hypothesis as the
author gave no indication of the time of population splits.
The results of archaeological research in the tropical
rainforest, [see Mercader (2002)25 and references re-
ported therein], make it possible to define a »pre-Bantu
divergence« hypothesis in more detail. These studies in-
dicate that the history of human occupation of African
rainforests was more ancient and complex than generally
thought. In fact, there is evidence of early human settle-
ments dating back to the Early Stone Age (ESA) for the
C.A.R., Congo, Uganda and Zambia and the Middle Stone
Age (MSA) for an even wider area which extends from
the Ivory Coast to the west and north, Kenya to the East
and Zambia to the South. The roots of Pygmies should
be, however, searched for in the Late Stone Age. In fact,
in this period there was a considerable increase in site
density relative to MSA and ESA throughout Central Af-
rica. Of particular importance are the sites of the tropical
forest of Ituri, since the last 18 kya, which suggests a
presence of a hunter-gatherer community in the North-
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east Congo Basin predating the arrival of farming in the
same region by many millennia. Assuming that these
sites are the remains of the nucleus from which pres-
ent-day Eastern Pygmies evolved after the separation
from the Pygmy branch, the 18 kya date could, therefore,
be regarded as the minimum date for the divergence be-
tween the two Pygmy groups. We have named this view
»pre-Bantu divergence« (PBD). The two competing hy-
potheses are tested both through the qualitative (median
network of mtDNA) analysis of the association between a
microsatellite (CD4) and an ALU linked polymorphism)
and quantitatively by applying dating methods to mtDNA
and autosomal results.
The Population
TheMbenzele belong to the western cluster of African
Pygmies26which includes Pygmies from the Central Afri-
can Republic, Congo Brazza and Southern Cameroon.
The Mbenzele, like the Biaka Pygmies studied by Ca-
valli-Sforza4,14 and used in most studies cited above, be-
long to the Aka sub-group. Today, there are about 2,000
Mbenzele who are mostly settled in the southwestern re-
gion of the Central African Republic. Blood samples were
collected from apparently healthy and unrelated individ-
uals in the village of Mbelemboke (3.20N; 16.10E), in the
southwestern region of the Central African Republic (see
figure 1).
The height of the Mbenzele Pygmies (144.6±0.51 cm
for females and 151±0.85 cm for males) is close to that of
Biaka Pygmies (145.0±1.18 for females and 152.7±1.35
cm for males). By contrast, the Mbenzele are signifi-
cantly different (t test, p=0.0001) from Mbuti Pygmies
(136.0±0.72 cm for females and 144.4±0.54 cm for males)
and C.A.R. Bantu farmers (154.4±0.72 for females and
161.2±1.28 for males) (Spedini and Capucci, unpublished
data; see Danubio and Sanna27 for a review).
Apart from the genetic studies mentioned above8,21,22,19,
the Mbenzele Pygmies have been characterized for pro-
tein loci20 and in world-wide surveys of genetic variation
of entire mtDNA23 and X-chromosome sequencing24.
Materials and Methods
Data analyses
The Arlequin software28 was used to compute classi-
cal and molecular measures of intra-populational diver-
sity (see also Castrì et al.29). We performed a network
analysis using the median algorithm of Bandelt et al.
(1995)30 in order to reconstruct mtDNA genealogy. This
approach also indicates alternative events in the form of
reticulations, which highlight alternative evolutionary
pathways. To obtain estimates of divergence times be-
tween populations under a coalescent model, we used the
method proposed by Nielsen and Wakeley (2001)31, as-
suming a finite-site model32. In calculations of divergence
times, we used two different mutation rates (1.8x10–7 per
site per year; 4.20x10–8 per site per year)33, a generation
time of 25 years and an initial effective size (Ne) of 5000
females. CD4 Alu haplotype frequencies were inferred by
maximum likelihood using the Arlequin software28. The
dates of population splits were calculated using autoso-
mal microsatellite data following the method of Goldstein
et al (1995)34. We used m=3.73x10–4 and m=2.80x10–4 and
generation times of 20 and 25 years to estimate a range
of values35.
Results and Discussion
Variation of mtDNA and Y-chromosomal
polymorphisms and sex biased gene flow
The matrimonial behaviour of African Pygmies as de-
scribed by the above mentioned ethnographic observa-
tions expected to shape their gene pool in two ways.
Firstly, female and male lineages of Pygmies should un-
dergo different microevolutionary pressures: genetic drift
should be the prevailing force for mtDNA evolution,
while a higher effect of gene flow would be expected for
Y-chromosome markers. Furthermore, as more specific
effects, we would expect a male biased gene flow from
Bantu to Pygmies and a female biased gene flow of
Pygmy origin to Bantus.
Intra-populational variation
The first expectation may be checked by comparing
intrapopulational diversity of mtDNA and the Y-chromo-
some in the Mbenzele to those reported for other sub-Sa-
haran populations. A comparison among the sub-Saha-
ran populations analysed for both mtDNA and Y-chromo-
some is reported in Figure 2.
Concerning mtDNA, the Mbenzele show the lowest
level of within-group diversity considering both haplo-
type diversity (h) and mean number of pairwise compari-
sons (k) (h=0.805±0.037; k=4.917±2.43). On the other
hand, haplotype diversity (0.966±0.017) and the mean
P. Anagnostou et al.: Genetic Variation in Mbenzele Pygmies, Coll. Antropol. 34 (2010) 2: 535–543
537
Fig. 1. Geographic location of the Western Pygmies (Mbenzele
and Biaka), Eastern Pygmies (Mbuti) and Ewondo Bantus.
number of pairwise differences (3.246±1.704) calculated
for Y-chromosomes are in the mid of the distribution. An-
other independent Western Pygmy group, the Biaka shows
a similar trend36.
Analysis of shared haplogroups and haplotypes
Comparing the HVR-1 sequences to those reported
for other sub-Saharans (see Destro-Bisol et al., 2004, for
the dataset used for comparison), we found that 3 se-
quences are shared between our population and Bantus,
i.e. the Ewondo who live in South Cameroon. One of
these sequences belongs to the L1c1a sub-haplogroup
(corresponding to the haplotype WP-M 162 in Destro-
-Bisol et al., (2004)15, while the remaining two sequences
belong to the LIc5 sub-haplogroup (haplotypes WP-M
162 and WP-M 198). All these sequences reach a higher
frequency in the Mbenzele than in the Ewondo (Destro-
-Bisol et al. 2004)15. There are four reasons which indi-
cate that the finding of L1c5 sequences is evidence of
Pygmy-to-Bantu gene flow. Firstly, all but one of the
L1c5 haplotypes were found in the Western Pygmies.
Secondly, the Western Pygmies display the highest L1c5
variation, considering both the haplotype diversity and
the mean number of pairwise comparisons15. Thirdly, the
L1c1a sequence most closely related to L1c5 is present at
a particularly high frequency among the Western Pyg-
mies. Of particular interest is the fact that Eastern
Pygmies lack not only L1c5, but also L1c1a, the haplo-
group from which L1c5 probably originated. Fourthly
and finally, the absence of L1c5 in other sub-Saharan
populations of our large database makes it unlikely that
its presence in Western Pygmies could be simply due to
the maintenance of ancestral characteristics which have
become diluted elsewhere by more recent demographic
expansions.
The Bantu-to-Pygmy gene flow of paternally inher-
ited characters is supported by the distribution of the
haplogroup E1b1a. It carries the M2 mutation (also re-
ferred to as DYS271) which has been associated with the
expansion of Bantu speaking populations from central
western towards southern Africa37–39. The estimated fre-
quency of the haplogroup E1b1a among the Mbenzele
Pygmies (0.609) is similar to that observed among the
Biaka (0.650; recalculated from Cruciani et al., 200239).
This suggests that the Bantu contribution to the male-
-specific gene pool of these two Western Pygmy popula-
tions is comparable. Concerning microsatellite haplo-
types, it is worth noting that a percentage of 23.9 of
Mbenzele haplotypes were shared by 35 percent of Biaka
haplotypes (Pritchard et al., 1999)36, which represents
the highest level of haplotype sharing for the Mbenzele15.
Five out of seven haplotypes shared between the Mben-
zele and Biaka Pygmies belong to haplogroup E1b1a,
commonly thought to be associated with the Bantu ex-
pansion40.
Despite this feature of E1b1a, we cannot exclude that
some of the observed haplotype sharing could be due to
genetic admixture between Western Pygmies. However,
it should be taken into account that recent autosomal
data suggests that marginalization following Bantu ex-
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Fig. 2 Haplotype diversity (frames A and C) and mean number of pairwise comparisons (frames B and D) and relative standard errors
in some sub-Saharan populations. Frames A and B refer to the hypervariable region-1 of mtDNA, whereas the frames C and D refer to
the Y-chromosome microsatellite haplotypes built using loci DYS19, 389I, 390, 391, 392 and 393. Population abbreviations were ob-
tained using the first three letters of each population: BAM, Bamileke [Cameroon: Destro-Bisol et al. (2004)15; Caglià et al. (2003)50];
BAS, Bassa (Cameroon: unpublished data); BIA, Biaka Pygmies [Central African Republic: Vigilant et al. (1991)33; Pritchard et al.
(1999)36]; EWO, Ewondo [Cameroon: Destro-Bisol et al. (2004)15; Caglià et al. (2003)50]; FUC, Fulbe from Cameroon (Cameroon: un-
published data); KUB,!Kung [Botswana: Vigilant et al. (1991)33; Pritchard et al. (1999)36]; MBE, Mbenzele Pygmies from C.A.R., [Cen-
tral African Republic: Destro-Bisol et al. (2004)15]; EPY, Mbuti Pygmies [Zaire: Vigilant et al. (1991)33; Pritchard et al. (1999)36]; MOZ,
Mozambicans [Salas et al. (2003)51; Pereira et al. (2001)52]; SAO, Sao Tomeans [Equatorial Guinea: Mateu et al. (1997)53; Corte Real et
al. (2000)54].
pansion led to a decreased mobility and intermarriages,
thus lowering Pygmy to Pygmy gene flow (Verdu et al.,
2009)41.
The Origin of African Pygmies
One inherent difficulty when estimating the time
since separation between small sized populations is in
the fact that their small long-term effective size en-
hances the confounding effect of genetic drift. In order to
minimize this risk, we tested the RDDA and PBD hy-
potheses using different approaches and distinct genetic
systems.
Mitochondrial DNA
As a preliminary step to the calculation of the time
since separation between the two Pygmy groups, we built
a reduced median network of HVR-1 sequences (from np
16024 to 16384) using the method devised by Bandelt et
al. (1995)30. In addition to a selection of Mbenzele se-
quences (belonging to 31 individuals), we considered a
further 30 Pygmy individuals, 17 from Biaka (8 different
sequences) of C.A.R. and 13 from Mbuti (5 different se-
quences)33. The network shown in figure 3 is character-
ized by the presence of lineages belonging to three of the
eight groups of sequences described by Watson et al.
(1997)7. Most of the Pygmy individuals (55 out of 61; 16
different sequences) belong to the L1a and L1c haplo-
groups. Most Mbenzele (30 out 31 individuals analyzed:
10 different sequences) and Biaka (13/17:6 different se-
quences) are scattered across three main clusters that
fall whithin the L1c haplogroup and derived sub-ha-
plogroups L1c1a and L1c58. These clusters are easily dis-
tinguishable from each other since at least four mu-
tational steps separate them. Note that these sequences
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Fig. 3. Reduced median network (Bandelt et al. 1995 30) showing the relationships among mtDNA lineages of Biaka (17 individuals;
Vigilant et al. 199133), Mbenzele (this study; 31 individuals) and Mbuti Pygmies (13 individuals; Vigilant et al. 1991 33). It was not pos-
sible to include seven further Mbuti sequences of Vigilant et al. (1991)33 in the analysis due to the presence of missing positions. HVR1
sequences are represented by circles whose area is proportional to their population frequency. The Pygmy group to which sequences be-
long are indicated by means of different filling patterns (see legend inside the figure). The node marked by an asterisk corresponds to the
sequence, which represents the »putative root« for the bulk of African mitochondrial haplotypes. Substitutions along the network refer to
this sequence which differs from the CRS due to a transition at np. 16126, 16187, 16223, 16278, and 16311. Nucleotide position num-
bering follows Anderson et al. (1981)55 (with link labels omitting the 16 prefix). Transversions are marked by an underlined capital let-
ter and recurrent mutations by small letters (e.g. 51a or 93b). Cluster designation follows the classification of Salas al. (2002)51. A filled
square indicates the node at which the Neanderthal mitochondrial sequence (Krings et al. 1998)56 branches off.
Fig. 4. Association between the CD4 alleles »6« (frame A) and
»11« (frame B) and the ALU deletion on the short arm of chromo-
some 12, as measured by the »d« parameter57 in sub-Saharan popu-
lations. The data for comparison are from Tishkoff et al. (1996)58.
belong to the L1i haplogroup according to the old nomen-
clature of Watson et al. (1997)7. According to the above-
-mentioned authors this haplogroup includes heteroge-
neous lineages which are phylogenetically and geographi-
cally isolated from the others and are probably the relics
of ancient expansion (estimated at about 111,000 years
ago) across Africa. Two Biaka (4 individuals), 1 Mbenzele
(1 individual) and 1 Mbuti (6 individuals) lineages fall
whithin L1a. According to Watson et al. (1997)7 the L1a
group of sequences coalesces about 52,000 years ago and
is found more often in Eastern, central and southern Af-
rica. However, despite the fact that they can be found in
the same cluster, the differentiation between Mbenzele
and Biaka sequences and Mbuti sequences is again evi-
dent. In fact, sequences of C.A.R. and Zaire Pygmies dif-
fer in 4 nucleotide positions. The remaining 3 Mbuti lin-
eages (7 individuals) fall into a cluster in the L2 group
which dates back to 56,000 years ago and is widespread
in the African continent (Watson et al. 1997)7. Despite
their common origin, the genetic distance between Mben-
zele and Biaka is considerable, and higher than most of
those calculated for pairs of Bantu populations (data not
shown). This is not surprising since the two Pygmy
groups are very distinct and have probably undergone
little, if any, genetic admixture on the female side. Thus,
genetic drift may account for the observed differentia-
tion and the comparison between the Mbenzele and
Biaka may turn out to be useful in understanding how
this microevolutionary force might increase genetic dis-
tances. It may be observed from the network that Mben-
zele and Biaka mtDNA lineages cluster in three haplo-
groups with a low internal diversity but are separated
from each other by a large number of mutational steps.
Thus, most pairwise comparisons are between very di-
verse sequences. Consequently, genetic-distance values
are higher than the ones obtained for pairs of popula-
tions with a smaller proportion of shared sequences but
with less diverging sequences. By contrast, there is no
haplotype sharing between Mbuti and the two groups
from C.A.R., and almost all Mbuti lineages fall into clus-
ters, which are very different from the Mbenzele and
Biaka. Therefore, if the example of Mbenzele and Biaka
is taken as a model of how genetic drift might lead closely
related populations to diverge, it seems that the differen-
tiation between the Mbuti and the two C.A.R. groups
cannot be simply explained by genetic drift. Further-
more, one interesting conclusion can be drawn consider-
ing the differences between Pygmy mtDNA lineages by
taking into consideration the phylogenetic analyses of
Watson et al. (1997)7. While most of Mbuti mtDNA se-
quences belong to clusters (L1a and L2) which originated
from expansion events, Pygmies from the C.A.R. show a
relatively high frequency of more ancient and geographi-
cally restricted sequences.
In order to estimate the time since divergence be-
tween Western and Eastern Pygmies, we applied the
method of Nielsen and Wakeley (2001)31 which allows us
to obtain estimates of divergence times between popula-
tions under a coalescent model. To reduce the risk of
overestimating the time of split between populations, the
parameter t (number of generations since population
split) was calculated according to the formula t=2NeT
using the bounds of the 95% CI estimates of the parame-
ters Ne (the effective population size) and T (the diver-
gence time divided by twice the effective population size).
The 95% CIs of both the splits between Biaka and Mbuti
(18–1140 kya42; 79–4888 kya33) and between Mbenzele
and Mbuti (25–828 kya42; 107–3549 kya33) are much
larger than 3 kya. Therefore, applying a quantitative ap-
proach produces results which are congruent with the
PBD and unable to support the RDDA hypothesis.
CD4/Alu association
According to the RDDA hypothesis, the Western Pyg-
mies are a hybrid population between the Mbuti-like an-
cestors and Bantus. It follows that the gene frequency of
Western Pygmies should fall into the range of those ob-
served in the two parental populations. Gene frequencies
of numerous polymorphisms at protein level in Western
Pygmies fit those expected for a hybrid population be-
tween Eastern Pygmies and Bantu farmers43,44. How-
ever, polymorphisms of autosomal loci have the intrinsic
limit that an identical electrophoretic mobility or im-
muno-reactivity does not necessarily indicate identity by
descent but only identity by state. We tested the compli-
ance of gene frequencies of Eastern and Western Pyg-
mies and Bantus by analyzing the association between
the CD4microsatellite and an Alu linked polymorphism45.
This test is a valid alternative to the use of protein loci
since in we combined a phylogenetically stable locus
(ALU) with another one which is more variable and sub-
jected to a high mutation rate (CD4 microsatellite). The
results do not support the RDDA hypothesis (Figure 4).
In fact, the frequency of association between the ALU de-
letion and the most representative microsatellite alleles
(composed by 6 and 11 repeat units) fall outside of the
range of the values for the Eastern Pygmies and the Ban-
tus. The same conclusion is achieved when considering
another Western Pygmy population now being studied in
our lab, the Bakola from Cameroon (Destro-Bisol et al.
unpublished data).
Autosomal microsatellites
Goldstein et al. (1995)34 in their microsatellite loci
studies postulated that under a stepwise mutation mo-
del, the time periods since population splits are propor-
tional to the squared difference in average allele lengths
(dm2) between populations. Applying this method to data
published for African Pygmies17,46 we obtained a separa-
tion time of 29,115–48,382 years for Mbenzele and Biaka
and 21,513–35,223 for Biaka and Mbuti. Given that we
could use only six autosomal loci and some populations
have been analysed for only a low number of chromo-
somes, the values are inevitably approximate. Further-
more, the used method assumes that gene flow is negligi-
ble and that genetic drift contributes less than mutation
to population divergence. However, despite these cave-
ats, we believe that our results merit discussion. Due to
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its high density of vegetation, the large area which sepa-
rates the Ituri Forest and the territories of Western
Pygmies (~1500 km measured as air distance) is very dif-
ficult to cross without the help of an adequate technol-
ogy, such as the iron metallurgy practised by Bantu peo-
ples but unknown to African Pygmies47. Therefore, the
level of gene flow between the two Pygmy groups is ex-
pected to have been very low or absent. Concerning the
problem of genetic drift, it is worth noting that no signifi-
cant decrease in heterozygosity and number of alleles
(these results, unpublished data on Apolipoprotein B 3’
HVR in the Mbenzele, data from ref. 10 on Biaka and
Mbuti Pygmies) is detected in Pygmies compared to Ban-
tus or other worldwide populations. This suggests that
no dramatic bottleneck shaped the genetic structure of
autosomal loci in African Pygmy populations. Further-
more, when the data set used for the calculation of sepa-
ration times was analysed by using the FST method, no
genetic distance between the Biaka or Mbenzele and a
non-Pygmy population exceeded those between C.A.R.
and Mbuti Pygmies (data not shown). Therefore, the
substantial genetic diversity between the two Pygmy
groups is confirmed when we use a genetic distance
method which considers genetic drift as the only agent
which differentiates populations.
Final Remarks
In the first part of this paper, we carried out a test re-
garding the congruence between the ethnographic obser-
vations on the matrimonial behaviour of Western Pyg-
mies and their genetic structure. Comparing the Mben-
zele Pygmies to a collection of sub-Saharan populations
analysed for mtDNA and Y-chromosome polymorphisms,
we observed that their intrapopulational variation is at
the lowest limit for the former genetic system, while it
lies in the middle of the distribution for the latter. This is
what we expect for a mating system in which genetic
drift is the prevalent microevolutionary force for mater-
nal lineages and gene flow for the Y-chromosome. Fur-
thermore, the analysis of mtDNA shared haplotypes pro-
vides evidence of a Pygmy-to-Bantu gene flow, whereas
the distribution of Y-chromosomal haplogroups indicates
the existence of a flow in the opposite direction. All these
results lead us to conclude that the genetic data is in line
with the ethnographic expectations. Then, we compared
the RDDA and PBD hypotheses by using both qualitative
and quantitative approaches. In the first case, the analy-
sis of the association between the CD4 microsatellite and
an Alu linked polymorphism do not support a model in
which the Western Pygmies are a hybrid between East-
ern Pygmies and Bantus, as implied by the RDDA hy-
pothesis. Furthermore, the median network analysis of
mtDNA variation suggests that the high genetic dis-
tances between the Mbuti and the two CAR groups can-
not be simply explained by genetic drift. The quantita-
tive analyses based on both mtDNA and autosomal data
provide results which are congruent with the PBD hy-
pothesis, since they suggest that the separation between
Western and Eastern Pygmies occurred earlier then 18,000
years ago, but fail to support the RDDA hypothesis which
posits the population split as a consequence of the Bantu
expansion (2–3000 years ago). Our results on autosomal
variation provide independent support to the hypothesis
of an ancient separation between Eastern and Western
Pygmies put forward by Destro-Bisol et al. (2004)15 on
the basis of mtDNA variation which has been recently re-
proposed by Patin et al. (2009)48 using resequencing data
from 24 independent noncoding genomic regions.
We intend to further develop this study by looking at
variation among Pygmy populations, while taking into
consideration highly informative loci that have yet to be
studied in this regard (e.g. ALU loci and Y-chromosomal
polymorphisms). Another important step will be to ex-
ploit the opportunities offered by this research project in
terms of communication and promotion of Science, by an
extensive evaluation of the bio-ethical implications and
the didactic outputs49.
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VARIJABILNOST MITOHONDRIJSKE DNA, Y KROMOSOMA I AUTOSOMALNE DNA MBENZELE
PIGMEJA IZ SREDNJOAFRI^KE REPUBLIKE
S A @ E T A K
U ovom smo radu iznijeli kombiniranu analizu varijabilnosti autosomalne DNA (deset mikrosatelita i Alu-insercija),
mitohondrijske DNA (HVS I sekvence, 360 nukleotida) i Y kromosoma (7 mikrosatelita) Mbenzele Pigmeja iz Srednjo-
afri~ke republike. Ova studija usredoto~ila se na dva va`na pitanja s obzirom na mije{anje i porijeklo afri~kih Pigmeja.
Etnogeografska opa`anja sugeriraju spolno pristran tok gena izme|u Bantu populacije i Pigmeja, problem koji bi se
mogao razjasniti geneti~kom analizom. Istra`ivanje unutarpopulacijske varijacije mitohondrijske DNA i Y kromosoma
dale su rezultate s obzirom na pretpostavljeno bra~no pona{anje. Dok generalni mitohondriski haplotip, koji pripada
L1c5 podhaplogrupi, ukazuje na tok gena po `enskoj liniji od Pigmeja prema Bantu populaciji, mu{ki tok gena pokazuje
suprotan smjer, od Bantu prema Pigmejima po generalnoj podhaplogrupi s M2 mutacijom na Y kromosomu. Drugi dio
studije odnosi se na pitanje geneti~kih odnosa izme|u zapadnih i isto~nih Pigmeja. Na{i rezultati ukazuju na pred-
-Bantu hipotezu, koja sugerira da su se dvije grupe Pigmeja odvojile u anti~ka vremena (prije cca. 18,000 godina), te ne
ukazuju na hipotezu nedavnog razila`enja i mije{anja koja pretpostavlja njihovo razdvajanje kao posljedicu {irenja
Bantu plemena (prije 2,000–3,000 godina).
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